koW ¥ 5Ok W A

Spectroscopy and Spectral Analysis

B THEEERRNNASHCEENERLE WRF BT E

B OB TN E OB EEA . RS REE. E08"

Lo 7422 TR LB SRS 4% AR R4 BE . BRVE P42 710048
2. WESGR T MG TE RIS/ TR A KRR LB A S R, TR M
3. BRPTE ARG, BRPY P 710014

510080

W OE NIZREOLE RS E B PR OL . T AR LI 5 g, E AR A 2 R AR A
A, O TEF PPN BO6 T 5 B0 0T Fe TR 4D 00 52 i o 8 B I8 TR 3 I TR B 25 2 G 4 R 4 R
T TR A5 5 AT SO AR AL, BRI R SE R B R L, X R IE LI 4 mo 255 B R S BUEE N TR g —
Pl BRI = A S B0 98 8T B PR WRE 4% 3 (weather research and forecasting model) Rl 4k 77 % . %F —
I SR S0 . 38 e B 50 5 SRR R BUR AR T 2y W0 S B0 SR AR AR . 5 D O R R AR
BEF LS gy, W WRE 2 R AL PO 90 ALt Tar . w25 DS BB m A X w1 16 3, TS W4 7
0.07, FFHLINIHBR T B V4 7Y Fg &8 M 502 FR rh O o (HA7 7E 25 0 00 8 4 ). 575 =20 JF SR B0 T 3k 5090 ) 4k 5
By, A e 29 A A 37 T RO AR S DU il 7 20 B OGBS, 1N MQ I B i BUIR  JR h 49 A% I HK
it 9 58 R = AEAR 43 AR s MR TR AR ] Ak o B0 4 3 O s A (RD A, LA AUL R SR B R L [ B
K TSTFA3EE T 0. 12, IRFFEAL T 0. 09, & P 5 & 1 431 ¥ 3= I B) Multiquadric $4 3806 5 3% #8300 £ 4%
Al WRE #6200 3 BB R 32 Tt o A 045 R 3R B OG5 3k w] AT 0 00 0 e s B W LA o7 2 R A R

Vol 41,No. 7,pp2110-2115
July, 2021

s A HL.

ES - A

hE S KS: TNI58.98 XHERARIRED: A

51 &

IS5 5 b 55 1o FH 389 2 W iR o 1 2 0 £ v OC B L ke
TR G ALK F A T8O T 10 B 2 A A
Bt ORI I8 B 4R 3% . A W) B8 1 @il O TR AN R AR
W™ R R b 2 g B Xue %0 BF & ) ARPS 45 2
(advanced regional prediction system) ADAS f e (ARPS data
analysis system) J} J& 6] fk.; B % WREF (weather research and
forecasting modeD) 28 73 [l AL B A H i e 2h, Maic Bl T A
G Rt WRFDA (WRF data assimilation system) , Ml 45
NP5 AR N ARG E R [ 5 S8 R 2 A A T e T
B TR R, TR, TR, MUk ES S 2 EEE:
Jbst & . Bev &kl WRF-3DVAR (three-dimensional varia-
tion data assimilation) 2843, 1778 & % 1 GRAPES(global/

WA EE: 2019-04-02, {EITHHER: 2019-10-14

BOETE S 5 JE R 5R FW ; Multiquadric 59
DOI: 10. 3964/j. issn. 1000-0593(2021)07-2110-06

regional assimilation and prediction enhanced system )-

3DVAR 728 43P, b & % 1 ARPS-ADAS-WRF #it & 4%
AL G2 TR AL 1 2 R B . 3% 5l A7 7 R LS
PEAN i Ry [ R BROIR T 7T SRS AR BE . X AP R IE BY
PR 2 Ol 5 B RASHETT SR A 3 AT A (6] i I 7
MERE . S B4 L T R R e E e R AR L+
JE A AT CRUA RO e B4 B

Btxr B T, ARSI T A — 2B B . WOt Ik
IR o AT B R T B s 2 R I R B R
T BLAPHEREE o  E A A AS A B T T R R
A, AP @GR ML RZFRITM BN EBOLE R R
GEH L A B BB R T O ik TR SO R R
FR L 10 J5 AR XHR I A 5 0 AT B 8 BT AR B R . RO
W2 ARG A YN 2 K LB BT X Seui 1 TAE. 51 ABOE
B T L I i e T R R R R O 9 WRE [R]

BEE&WB: WEHALR/ R KEEE RS R E &S00 %= TF 0 4 90 H (J202002) , A [E R 27 B ik s 4 26 S B % 350 (XDA23090102) ,
E %K H R B2 4T H (41627807, 61575160, 41575027) ¥ B

EE®Ir: &
* W INEH

e-mail: dengxinhua(@ xaut. edu. cn

T, 1979 AR, PY % BT R A HUAR 550K 4 A A TR~ Be 1 L Jm

e-mail: doctorlee@ xaut. edu. cn



57

R HT 2111

Jr i FEIA 0L H A
Ok

1 SEHsy

PR B o A 3 B30 7 A e o R ik

1.1 T LREEEEREN

R TR & A= T HE R 2015 4 7 20 H 06 AF—18 Hf: 3
Y E k;ﬂ%leaﬂﬁﬁe, HRET 18 BEWS 2. A 2015 4F 7
H 20 H 06 B 45, i Aty Sk Bk [T A9 X I = T il R Ak RS

g, T 12 g Eﬁﬁiﬁljﬁ%[& L) ], BT BE S 45 1k | 4R

bR 20 km, ZR PG R 2 50 km CHE 28 7 HE T 7 BA 52 [0 I
X MO E R ONRE O M F s g, B 1)
ARG S R WX S IR Rk Z AR T %
B ®] A FNL(The National Centers for Environmental Predic-
lobal analysis data) J5 & b5 i K6 25

R . BB LCO) AT O, SEER AR E) T X s AR 2 LA 1
Ca) s /NBIERDTRLEE BRLR . PR A6 A0 X 38 2 (3L €8 IXO AT 76 R T
Jiv AT 35 A AR 5 BE AN R AR 2 800 m LT (A Bl
J 3 500~4 000 m(B BIECHO SRR B 47 h B R E
AT, AR BT BUECIE AR AL (2.6 KO 505 Rk %

tion Final operational g

S Ie BT R . B 1) B TR 38 O 2 20O 3R 2% = F /o G I RO NF AR R, FIRF A R REER,
36°N 4500
4000
3500
35°N
3000
=2
35 £
= 25001
&
34°N 1 = 2000
15001
1000
33°N : ; .
105°E 107°E 109°E 111°E 500 ()
Lon \
— [ 180 240 300 360 420

20 30 40 50

1 (a)2015 %7 B 20 B 12 BFHiE S
MAZHNTREE, MEBKABAETIE
FNLiRERE (BB OE )X, $a:

< _LE & ;

Temperature/K

WMEREER), B4 dBz, NTFLRTIMEELRUME, REFERTH
(b)EH 2 HALELRVKRSEERLR(ZERENFIE). RES

Fig. 1 (a) The microwave radar echo (shaded. unit: dBz) at 1200 UTC 20 July 2015, the black cross represents the location of the

microwave radar, the dashed pane is the convective cloud influenced Xi’an, and the black dot is the location of lidar; (b)
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in Xi’an at 1200 UTC 20 July 2015, unit: K
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(a): Observation precipitation; (b): CTRL Simulation precipitation before assimilating; (c): Simulation precipitation after assimilating the

ground and sounding data; (d): Simulation precipitation after assimilating the lidar data
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A Method for Assimilating the Raman Lidar Detecting Temperature in
WREF on Simulating the Short-Time Heavy Rainfall

LI Bo"?, PU Ya-zhou', WANG Nan’, WANG Yu-feng', DI Hui-ge' . SONG Yue-hui', HUA Deng-xin'"
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2. Institute of Tropical and Marine Meteorology/Guangdong Provinical Key Laboratory of Regional Numerical Weather Predic-
tion, China Meteorological Administration, Guangzhou 510080, China

3. The Meteorological Observatory of Shaanxi Province, Xi’an 710014, China

Abstract In order to take full advantage of Raman lidar, a high-resolution detecting experiment was carried out at the periphery
of the convective cloud, and a temperature with a vertical resolution of 4 m was inversed by using the synthetically multilevel
quality analysis and control technique. Three groups of experiments were conducted, and a novel method for assimilating the
lidar detecting temperature was especially proposed based on the coupling between the Multiquadric method and WRFDA (the
Weather Research and Forecasting model Data Assimilation system). Firstly, a controlled experiment (CTRL) was carried out,
and the suitable model parameters were obtained after debugging model. Secondly, based on the WRFDA module, the
conventional observational data, including ground station and radiosonde station were integrated into the initial field. The results
showed that TS increased by 0. 07, and the dummy precipitation in southwest Shaanxi was successfully avoided. Thirdly, the
Multiquadric method was used to assimilate Lidar data. TS increased by 0. 12, and the Miss hit forecast rate was reduced by
0.09. When the lidar data was integrated into the WRF model, the positive simulation effects could be obtained according to
quantitative and qualitative analysis. It was also discovered that the variation of simulation precipitation was because of the
change of elements, including wind, water vapor, and temperature. Lidar could be well used to detect short-time heavy rainfall,

according to this study.
Keywords The lidar detecting temperature; Short-time heavy rainfall; Multiquadric method
(Received Apr. 2, 2019; accepted Oct. 14, 2019)

% Corresponding author





